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Request for Reconsideration dated July 1 6, 2003 
Reply to Office Action of April 18, 2003 

Applicants traverse this ground of rejection. The reference does not teach each 
and every step of applicants' advantageous method for computing an input energy to 
provide to a thermal print head element. 

Applicants' advantageous method, as defined in claim 1 includes the step of: 

(A) computing an input energy to provide to the print head element 

based on a current temperature of the print head element and a 

plurality of one-dimensional functions of a desired output density 

to be printed by the print head element 

Claim 2 is dependent on claim 1 and recites the further step of: (B) providing the 
input energy to the print head. Claim 3 is also dependent on claim 1 and recites the 
embodiment wherein the current temperature of the print head element comprises a 
predicted current temperature of the print head element. Claims 13-15 are drawn to a 
thermal printer which includes a thermal print head and, respectively, means for 
carrying out the method steps recited in claims 1-3. 

To reiterate, the method recited in claim 1 , includes the step of computing the 
input energy based on a current temperature of the print head element and a plurality 
of one dimensional functions of a desired output density to be printed . The reference 
cited to support the rejection, JP '972, comput es the energy to be supplied to the print 
hea d based on a temperature of the print head and the output density to be printed but 
does not specifically teach, or anywhere suggest, doing so by using a plurality of one 
dimensional functions of the desired output density to be printed. 

Applicants have obtained an English language translation of JP '972 and a 
copy of the translation is enclosed for the convenience of the examiner. Also 
enclosed is a copy of the entire application in the Japanese language including Figures 
1 -7. 



Page 2 of 4 



Appl. No. 09/934,703 

Request for Reconsideration dated July 16, 2003 
Reply to Office Action of April 18, 2003 

The reference, at page 5 of the English language translation, describes Figure 
2 as a block diagram showing an embodiment of the device of the application and 
states that "... 9 is a pulse width table that determines the electrical power to be 
supplied to thermal head driver 8. . .". Further, in the next paragraph on page 5, the 
process by which the energy to be supplied to the print head is described. The thermal 
head control part 12 first measures the temperature immediately prior to 
commencement of recording by the thermal head 7. Next, data necessary for 
temperature estimation are transferred to temperature estimating part 6 and the latter 
successively estimates the temperature of thermal head 7 based on these data. 
Thermal head control part 12 sends the temperatures and other data which are 
estimated by part 6 to pulse width table 9. 

Pulse width table 9 determines the pulse width based on these data. Thermal 
head driver 8 controls the power (energy) supplied to the thermal head in accordance 
with the pulse widths output from Table 9. 

The reference is silent as to how the data in the pulse width table 9 are 
obtained. Accordingly, there is no specific teaching that the data in the pulse width 
table are based, in part, on a plurality of one-dimensional functions of a desired output 
density as is the case in the method and apparatus of applicants. Further, there is no 
suggestion whatsoever in the reference that would lead those skilled to do what 
applicants have done, i.e., determine the input energy based, in part, on a plurality of 
one-dimensional functions of a desired density to be printed. 

Reconsideration of this ground of rejection and withdrawal thereof are 
respectfully requested. 

2. Applicants acknowledge the allowance of claims 23 - 53 and also the 
indication of allowable subject matter in claims 4-12 and 16-22. 
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Since claims 1 - 3 and 13-15 have been shown to be patentably 
distinguishable over the references of record, it is submitted that claims 1 - 22 are 
patentable. 

In summary, all the claims in the application are proper in form for allowance 
and in substance are directed to subject matter which is patentably distinguishable 
over the references of record. Reconsideration of the application and allowance of all 
the claims are respectfully solicited. 
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[Translator's note: All readings of Japanese names should be considered tentative until verified.] 
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(54) Title of Invention: Device for estimating heat storage in thermal heads 
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Specification 

1. Title of Invention 

Device for estimating heat storage in thermal heads 

2. Scope of Claims 

1. A device for calculating estimated thermal head heat storage, characterized by the fact 
that in a thermographic device that is provided with a heat storage detection mechanism for thermal 
heads having individual or multiple pixels as units, recording density is uniformly controlled by 
controlling applied electrical power, based on the heat storage levels detected, in which 

a heating level table (19) that is coordinated by the number of gradations, the recording 
cycle, and the estimated temperature immediately prior to the start of said recording cycle, 

a constant table (21) that scales the values output by said heating level table, 

a cooling constant table (23) that is coordinated by said cycle, 

a subtracter (20) that determines the difference between the estimated temperature 
immediately prior to the start of said recording cycle and the heat slinger temperature (T [S ] 
[subscript illegible]), 

a multiplier (26) that carries out a 1 st multiplication between the output of said heating 
level table and said constant table in order to obtain heating levels during said recording cycle, and 
a 2 nd multiplication between said cooling constant table and the output of said subtraction table, in 
order to obtain the difference between the temperature reached after cooling [to lower] the 
temperature [from its level] at commencement of said recording cycle and the heat slinger 
temperature, 

an accumulator (27) that accumulates aggregate heating and cooling until said recording 
cycle with respect to said heat slinger temperature as the results of the 1 st and 2 nd multiplications, 



and an adder (43) that adds said heat slinger temperature to the output of said accumulator 
are arranged, 

the estimated heat storage in the substrate of the thermal head is computed each said 
recording cycle, according to changes in said heat slinger temperature, and the estimated 
temperature immediately prior to the start of the current recording cycle is computed. 

3. Detailed Description of the Invention 
<Summary> 

In regard to head heat storage estimating devices in thermographic devices that detect heat 
storage levels in each part of a thermal head, and control applied electrical power based on the heat 
storage levels detected, 

and with the object of enabling high-precision estimation of head heat storage, based on 
changes in the heat storage status of the thermal head heat slinger temperature, [the subject 
invention] is so constituted that in a thermographic device that is provided with a heat storage 
detection mechanism for thermal heads having individual or multiple pixels as units, recording 
density is uniformly controlled by controlling applied electrical power, based on the heat storage 
levels detected, in which a heating level table that is coordinated by the number of gradations, the 
recording cycle, and the estimated temperature immediately prior to the start of said recording 
cycle, a constant table that scales the values output by said heating level table, a cooling* constant 
table that is coordinated by said cycle, a subtracter that obtains the difference between the estimated 
temperature immediately prior to the start of said recording cycle and the heat slinger temperature, a 
multiplier that carries out a 1 st multiplication between the output of said heating table and said 
constant table in order to obtain heating levels during said recording cycle, and a 2 nd multiplication 
between said cooling constant table and the output of said subtraction table, in order to obtain the 
difference between the temperature reached after cooling [to lower] the temperature [from its level] 
at commencement of said recording cycle and the heat slinger temperature, an accumulator that 
accumulates aggregate heating and cooling until said recording cycle with respect to said heat 
slinger temperature as the results of the 1 st and 2 nd multiplications, and an adder that adds said heat 
slinger temperature to the output of said accumulator are arranged, the estimated heat storage in the 
substrate of the thermal head is computed each said recording cycle, according to changes in said 
heat slinger temperature, and the estimated temperature immediately prior to the start of the current 
recording cycle is computed. 

industrial Field of AppIication> 

The subject invention is concerned with head heat storage estimating devices in 
thermographic devices that detect heat storage levels in each part of a thermal head, and control 
applied electrical power based on the heat storage levels detected, and is especially concerned with 
thermal head heat storage estimating devices that enable high-precision estimation of head heat 
storage, based on changes in the heat storage status of the thermal head heat slinger temperature. 

<Prior Art> 

When thermography is carried out using a thermal head, the thermal head itself is heated, 
and it is therefore necessary to control electrical power in accordance with thermal head heat 
storage. For this reason, density is controlled during thermography by detecting heat storage in the 
thermal head, and controlling the electrical power applied to the thermal head in accordance with 
the heat storage level. In order to control applied electrical power, a method whereby voltage is 
controlled, and a method whereby [applied electrical power is controlled] by changing said pulse 
width according to energizing time have previously been proposed. 



Heat storage phenomena in thermal heads that may present problems in thermography are 
associated with their physical structures, and may be divided for the most part into 3 levels. The 1 st 
level is due to the heat-generating resistor 50 in Figure 6, which receives the thermal energy 
required for thermography, and the glaze layer 51, which prevents the heat generated by the heat- 
generating resistor that does not contribute to thermography from being released to the exterior, and 
has relatively low heat conductivity, which causes heat to be retained on the thermographic surface, 
and is related to their thermal constants. The 2 nd level consists of heat storage phenomena that are 
due to the substrate 52, with its relatively high heat conductivity, for the purpose of forming the 
heat-generating resistor 50 and the glaze layer 51, and is related to its thermal constant. The 3 rd level 
consists of heat storage phenomena in the heat slinger 53, which releases heat stored in the heat- 
generating resistor 50, the glaze layer 51, and the substrate 52 to the exterior of the thermal head. 
The characteristics of heat storage phenomena at this level have to do with being in contact with the 
outside air, so that they are strongly affected by changes in the outside air temperature. 

The responses of these phenomena become slower in the heat-generating resistor 50, the 
glaze layer 51, substrate 52, and the heat slinger 53, in that order. Satisfactory recording is possible 
if these heat storage phenomena are sufficiently understood when implementing thermography. 
These heat storage phenomena can be computed on the basis of the image recorded, the physical 
constants of the thermal head, and the ambient temperature, using heat conduction equations, but 
the analyses [required], including [analysis] of the complex thermal head structure, are impractical. 

Hence, various inventions were devised in the past, but 2 nd and 3 rd level heat storage 
phenomena extended to recorded images in general, and greatly affected their quality. There is an 
equation for computing estimates by sequentially aggregating the temperature of the thermal head 
immediately prior the commencement of recording and the levels of heating and cooling during said 
recording, in order to improve this situation. According to this equation, the estimated temperature 
immediately after the nth line is recorded is the sum of the ambient temperature Ta plus the increase 
in temperature due to heating at the nth line ATn, and the difference between the estimated 
temperature at n-1, the line immediately previous, at T n .i, and at the ambient temperature Ta, upon 
cooling. 

Tn = Ta + ATn + (T n _, - Ta) exp(-t/rp) - (1) 

In Equation (1), t is the recording cycle between lines, rp is the thermal time constant at 
pixel position p. Note, however, that 

To = Ta .-(2) 
The temperature can only be estimated by means of Equation (1) when the heat stored at pixel 
position p up until line n-1 is completely contributed to pixel position p at line n. That is, this is 
limited to cases in which conductivity between adjoining pixels is nil, with changes occurring at the 
same temperature. Hence, there is an Equation (3) that takes the crosstalk phenomenon into account, 
in a general way. 

T nr p = T nrp _( r .]y2 0 W_( r _iy2 + 

+ T nrp H W 0 + + T nrp + ( r _i)/2 

H W (r . I)/2 ... (3) 

Herein, T nrp is the estimated temperature of the heat-generating resistor for pixel p, W_ (r ., )/2 - W 0 
■" W (r . ])/2 is a weighted coefficient of crosstalk comprising r individuals, and r is the number of 
pixels in the range affected by crosstalk. However, note that if we take L to be the total number of 
heat-generating resistors, 

when p-(r- I) / 2 < 1: 

T nr p-(r-l)/2 = T n0 

and when p + (r-l)/2>L: 

T n rp + (r-lV2 = T n L 



Thus, estimates of heat storage phenomena in thermal heads can be computed by means of 
Equations (1) and (3), and high-quality thermography can be achieved. 

However, it is clear that ambient temperature Ta was strongly related to heat storage in the 
prior art, as may be seen in Equation (1). Hence, in the prior art, the temperature of the thermal 
head's heat slinger at the commencement of recording was actually measured by means of a 
thermistor, and this value was taken to be the ambient temperature. The reasons for taking the heat 
slinger temperature to be the ambient temperature are that the heart slinger has a more satisfactory 
thermal capacity than the heat-generating resistor, the glaze layer, and the substrate, which elements 
that are, from a thermal perspective, of structural importance to the thermal head, and that it is in 
direct contact with the outside air. Hence, if the temperature of the heat slinger itself does not 
change, heat storage can be satisfactorily estimated. 

<ProbIems to be Solved by this Invention> 

In the above-described prior art format, if the recording speed is raised, or if recording 
energy is increased, the temperature of the heat-generating resistor, the -glaze layer, and the substrate 
will increase, and there will be dramatic changes in the temperature of the heat slinger itself. For 
example, Figure 7 shows changes in heat slinger temperature when sequential thermography is 
carried out with a fixed recording energy and increased recording speed. In the case of Curve II in 
Figure 7, in which the recording speed is relatively slow, and the heat slinger temperature does not 
change, the changes in temperature due to heat storage stabilize after transitional heat storage 
phenomena in the thermal head substrate. However, in the case of Curve I, in which recording speed 
is increased and the heat slinger temperature is gradually raised, the heat slinger itself stores heat 
even after the transitional heat storage phenomena, and the substrate temperature gradually 
increases. For this reason, when previous inventions were used in high-speed thermography, in 
which heat slinger temperature changes occur, and in thermography with high recording energy, 
there were changes in the ambient temperature, which was used as a standard for estimating heat 
storage, so that high-precision estimation of heat storage was impossible. 

The object of the subject invention is to provide a device for estimating heat storage in 
thermal heads that computes estimated heat storage in the thermal head substrate each recording 
cycle taking the temperature detected, corresponding to temperature changes in the heat slinger 
itself, to be the ambient temperature. 

<Means of Solving the Problem, and [Their] Effect> 

By means of the subject invention, the temperature of the heat slinger 53 is measured in 
each recording cycle in which a temperature change due to heat storage in the substrate 51 is 
estimated; estimates based on these temperature changes are of high precision. Figure 1 illustrates 
the principles of the subject invention, and is concerned with temperature changes in a thermal head 
when high-speed recording is carried out at a fixed recording energy, and estimates of these 
[temperature changes]. In Figure 1, the horizontal axis indicates temporal transition, with recording 
cycles t as units, and the vertical axis indicates temperature. In the drawing, Curve 1 indicates the 
surface temperature of heat-generating resistors in the thermal head, Curve 2 indicates changes in 
heat storage in the substrate, Curve 3 indicates actual temperature of the heat slinger itself as 
measured by means of thermistor each recording cycle, Curve 4 indicates cooling characteristics as 
regards temperatures estimated by means of a previous invention, Curve 5 indicates cooling 
characteristics as regards temperatures estimated by means of the subject invention, Tl indicates 
substrate temperature at time tl, and Tsl indicates values measured as to heat slinger temperature at 
time tl. 
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At point 0, at the commencement of recording, temperature curves 1, 2, and 3 are equal to 
ambient temperature Ta, and increase as recording proceeds. Using prior art Equations (1) and (2), 
the 2 n term in Equation (1) is zero in the interval 0-tl, and only heating per the first term 
contributes to temperature increase. Thus, the estimate results in both the subject invention and the 
previous invention will also rise to Tl at tl. In the subject invention, the heat slinger temperature is 
measured by thermistor at tl, and ambient temperature Ta in Equation (1) is modified to Tl on the 
basic of this actual measured value, yielding Equation (4). 

Tn = Ts„., + ATn + (T n _, - Ts n .,) exp(-t/rp) (4) 
Changes in heat slinger temperature thereafter can be taken into account by taking heat slinger 
temperature readings anew each recording cycle. 

<Embodiment> 

Figures 2-5 illustrate an embodiment of the subject invention. 

Figure 2 is a block diagram showing an embodiment of the subject invention, Figure 3 is a 
detail drawing of the temperature estimating part shown in Figure 2, and Figures 4 and 5 are time 
charts showing the performance of the temperature estimating part. 

In Figure 2, 6 is the temperature estimating part of the subject invention, 7 is a thermal 
head, 8 is a thermal head driver that drives the thermal head, 9 is a pulse width table that determines 
the electrical power to be applied to thermal head driver 8, 10 is a thermistor that detects the 
temperature of the heat slinger of thermal head 7, 11 is a temperature detector that converts the 
temperature detected by thermistor 10 into a digital signal, and 12 is a thermal head control part that 
controls the block as described above. 

The thermal head control part 12 first measures the temperature by means of the 
thermistor 10 and the temperature detector 11, immediately prior to commencement of recording of 
each line by the thermal head 7, and provides control for the purpose of digitization. Next, data 
neces sary for temperature estimati ng such as heat dingei^emperature data, number of gradations of 
recor ding t^xe ls.^n^rg^rding speed, are transferred to temperature estimatjngl)^^ 
esti mating partjj successively estimates the temperature of therma l head 7 "based on these data . 
Thermal hejd j:ohTF^ .P!^L^g^ ti g"^ 
recording speed (recording cycle) and so o^L^ 
6, to^gi^jM 

ThennaLhea d driver 8 controls power [supplied to] thermal head 7 in accordance with pulseTwui ti^ 
outpu t frompulse width table 9, so jh^qtim al thermography is carried out. In the following, the 
details of temperature estimating part 6 operations are described, using the block drawing in Figure 
3, and the time charts in Figures 4 and 5. 

Figure 3 is a block diagram showing details of the temperature estimating part. In Figure 
3, signals 13 and 14 indicate the number of gradations and the recording speed of each pixel, which 
determine heating level, and signal 15 inputs heat slinger temperature data. 16 is a heat slinger 
temperature line buffer that houses heat slinger temperature values measured by temperature 
sensors for each line as 1 line per pixel; 17 is an estimated temperature line buffer that houses 
computed values of temperature estimated as 1 line per pixel; 18 is an ohmic value correction table 
that corrects for variance in thermal head ohmic values; 19 is a heating level table that determines 
heating levels inside recording lines; 20 is a subtracter that determines the difference between the 
pre-Iine estimated temperature and the heat slinger temperature; 21 is a constant table that outputs 
Constant 1; 22 is a pixel counter that detects the position of the thermal head by counting the 
number of pixels, which determines the temperature estimate; 23 is a cooling constant table that 
includes the thermal head's thermal time constant distribution; 24 and 25 are multiplexers; 26 is a 
multiplier that multiplies the output of heating level table 19 and constant table 21 in order to 



determine the heating level inside recording lines, and multiplies the output of subtracter 20 and 
cooling constant table 23 in order to determine cooling level with respect to the heat slinger 
temperature; 27 is an accumulator that accumulates the output of multiplier 26 in order to determine 
aggregate heating and cooling levels with respect to the heat slinger temperature; 28 is 
heating/cooling line buffer that records the heating/cooling estimated temperature that is the output 
of the accumulator 27; 29 is an address clock, which the clock that updates addresses the indicates 
pixel position in crosstalk computations; 30 is an address counter that counts [output of] address 
clock 29, and generates addresses from crosstalk computations; 31 is a comparator that compares 
values of pixel counter 22 and address counter 30, and outputs a signal when they coincide; 32 is a 
reference pixel number switch that sets r-1 and (r-l)/2 with respect to reference pixel number r, 
among adjoining pixels that are the objects of crosstalk computations; 33 is a reference pixel 
number counter that performs a countdown in accordance with the output of the comparator 31, 
taking the values of reference pixel number switch 32 as the initial load; 34 and 35 are adders that 
add up the maximum address values and the selected address values that designate heating/cooling 
line buffer 28; 36 and 37 are multiplexers; 38 is a buffer address selector that, from among 3 inputs, 
of which 1 input is the minimum address value contributed by reference pixel number switch 32, 1 
input is the maximum address value contributed by adder 34, and 1 input is the selected address 
provided by adder 35, selects the minimum value when the selected address value input is < the 
minimum address value, and selects the maximum address value when the selected address value 
input is > the maximum address value, and otherwise selects the selected address value itself; 39 is 
a weighted coefficient table that stores coefficients weighted for crosstalk for each adjoining 
reference pixel, for the purpose of crosstalk computation; 41 is a multiplier that multiplies the 
heating/cooling estimated temperature of each pixel position that is stored in the heating/cooling 
line buffer by the coefficient from weighted coefficient table 39; 41 is an accumulator that 
accumulates the portion of weighted and multiplied crosstalk results for each pixel position that 
pertains to reference pixels; 42 is a crosstalk line buffer that stores the output of the accumulator for 
each pixel position; 43 is an adder that adds the heat slinger temperature to the final estimated 
temperature, which takes into account the crosstalk that is the output of crosstalk line buffer 42; 44 
is a register that temporarily houses data output by adder 43 for each pixel position; and 45 is a 
signal indicating the estimated temperature that is the computational output. 

Before the operations in Figure 3 are described in detail, they will be summarized; these 
operations involve, first of all, estimating the heating/cooling temperature of each pixel position 
without considering crosstalk, and storing this estimated temperature value in heating/cooling line 
buffer 28. These estimated temperature values for 1 line are equalized between adjoining pixels, and 
estimated temperatures that take crosstalk into account are stored in crosstalk buffer 42. The 
estimated temperature values obtained are increments of heat slinger temperature, and therefore are 
output with the addition of each pixel position temperature. These estimated temperature values are 
required for estimation of the temperature of the next line, and are therefore simultaneously 
recorded in estimated temperature line buffer 17. This series of operations is performed for each 
line arrived at. 

Next, the operation of the device shown in Figure 3 is described using the time charts in 
Figures 4 and 5. Between these, the Figure 4 time chart shows time beginning with the 0 th line at 
which the recording operation begins, and the Figure 5 time chart shows time beginning with the 1 st 
line, which represents [lines] beginning with the 1 st line, and is relevant to estimations made with 
reference to the r pixels adjoining the 0 th pixel at the beginning of the line. Signal a is a line signal 
indicating the intervals at which estimates are computed for each line; signal b is a heat slinger 
temperature data signal indicating that measurement of the heat slinger temperature in the thermal 
head by thermistor 10 and temperature detector 11, conducted immediately prior to commencement 



of recording of each line by thermal head 7 in Figure 2, has been completed; signal c is a pixel data 
input signal that indicates that signal 13 in Figure 3, [indicating] the number of gradation of each 
pixel, signal 14, indicating the recording speed [of each pixel], and signal 15, indicating heat slinger 
temperature data, have been input, and it is activated in regard to the number of pixels in each line; 
signal d is a heat slinger temperature line buffer data signal that expresses output data from heat 
slinger temperature line buffer 16; signal e is an estimated line buffer data signal that expresses 
output data from heat slinger temperature line buffer 17; signal f is a heating/cooling estimate 
computation signal that indicates the interval during which estimates of heating/cooling are 
computed; signal g is a basic clock signal for computing estimates; signal h is a heating/cooling 
reset signal that resets accumulator 27 prior to aggregate computation; signal i is a heating/cooling 
multiplexer control signal for multiplexers 24 and 25; signals j and k are pixel-counting signals that 
indicate a portion of the values counted by pixel counter 22; signal 1 is an ohmic value correction 
signal from ohmic value correction table 18 that corrects the ohmic signals of individual heat- 
generating resistors; signals m and n are heating/cooling multiplexer data signals from multiplexers 
24 and 25; signals o and p are reference pixel counter signals that indicate a portion of the values 
counted by reference pixel counter 33; signal q is a heating/cooling line buffer address signal; signal 
r is a crosstalk computation signal that indicates the computational period for crosstalk; signal s is a 
crosstalk setting signal that precedes crosstalk computation; signal t is a crosstalk initializing signal 
that resets accumulator 41 in crosstalk aggregate computations; signal u is an address clock signal 
that is an output clock for address clock 29; signal v is a reference pixel position address signal that 
indicates completion of crosstalk computations in regard to pixel positions that are separated by the 
same number of pixels from clock computed pixel positions; signal w is a crosstalk line buffer data 
signal; signal x is a heating/cooling line buffer data signal; signal y is a weighted coefficient output 
signal that indicates weighted coefficients from weighted coefficient table 39; and signal z is a final 
estimated temperature data signal from register 44. 

At the 0 th line, at which estimate computation commences, line signal a reaches a high 
level and heat slinger temperature sensor signal b concomitantly reaches a high level, indicating that 
heat slinger temperature has been measured. Next, the heat slinger temperature data signal is written 
into heat slinger temperature line buffer 16 by pixel data input signal c at the commencement of 
recording for each pixel. This heat slinger temperature is actually taken to be the thermal head's 
ambient temperature. At the same time, multiplexer 46 inputs heat slinger temperature data signal 
15 into estimated temperature line buffer 1 7, by means of line signal a, pixel data input signal c, and 
a control signal indicating the 0 th line that is not shown in the drawing. As a result, the same heat 
slinger temperature data signal 15 is stored in memory addresses corresponding to the same pixels, 
for heat slinger temperature line buffer 16 and estimated temperature line buffer 17, and initialized 
to the ambient temperature in the periphery of the thermal head. Moreover, when pixel data input 
signal c reaches a high level, it causes gradation number signal 13 and recording speed signal 14 to 
be input. When pixel data input signal c reaches a low level, it causes pixel counter 22 to be reset, 
and the estimated position of the 0 th pixel of thermal head 7 is output. By means of this positional 
information and recording speed signal 14, cooling constant table 23 is established, and heating 
level table 19 is also established by means of ohmic value correction signal I, which corrects 
variances in ohmic values of heat-generating resistors, and it is thus possible to compute estimates 
for the 0 th pixel. If standards for computing estimates are established, heating/cooling estimate 
computation signal f will reach a high level synchronously with the initial rise of basic clock signal 
g. When heating/cooling estimate computation signal f reaches a high level, heating/cooling reset 
signal h and heating/cooling multiplexer control signal i are generated. Heating/cooling reset signal 
h resets accumulator 27. 

Heating/cooling multiplexer control signal i inputs into multiplier 26 the heating level 



from heating level table 19 and the output coefficient = 1 from cooling constant table 23, which are 
required for computation of the heating level for the output of multiplexers 24 and 25 at the 0 lh pixel 
of the (T 1 ine. Multiplier 26 integrates heating/cooling multiplexer data signals m and n, which are 
the output of multiplexers 24 and 25, at the initial rise of basic clock signal g. Its multiplication 
results ATn 0,0 are accumulated in accumulator 27, and at the initial rise of basic clock signal g, are 
expressed as heating/cooling line buffer data signal x. Note that prior to this initial rise, 
heating/cooling multiplexer control signal i inputs into multiplier 26 the temperature difference 
between estimated temperature line buffer 17 and heat slinger temperature line buffer 16 as 
subtracted by subtracter 20 and the output of cooling constant table 23, which are required for 
computation of the cooling level . of multiplexers 24 and 25 at the 0 th pixel of the 0 th line. That is, 
output of computational results as to heating level and retrieval of data for computation of cooling 
level are timed to be executed simultaneously. Next, multiplier 26 executes computation of cooling 
level, but the temperature difference between estimated temperature line buffer 17 and heat slinger 
temperature line buffer 16 is zero at all of the pixels in the 0 th line recorded, and therefore the results 
ATt 0,0 accumulated in accumulator 27 are equal to the results ATh 0,0 computed as to heating 
level. The computational results are expressed as heating/cooling line buffer data signal x at the 
initial rise of basic clock signal g. This heating/cooling line buffer data signal x is stored in 
heating/cooling line buffer 28, as designated by buffer address selector 38, but the address at this 
time is selected according to the following conditions. The maximum address value is the value 
obtained by adding the value from pixel counter 22 and the value from reference pixel number 
switch 32, which is (r- 1 )/2 . The minimum address value is the value from the reference pixel 
number switch 32, which is (r-l)/2. The selected address value is the value obtained by adding the 
value from pixel counter 22 and the value from reference pixel number switch 32, which is (r-l)/2. 
That is, it is the same as the maximum address value. As a result, buffer address selector 38 selects 
the maximum address value, and designates heating/cooling line buffer 28 for storage of 
heating/cooling line buffer data signal x. Then the gradient number signal and the recording speed 
signal relevant to the 1 st pixel are input when pixel data input signal c reaches a high level.. Next, 
pixel counter 22 updates the position of the thermal head by counting [pixels], when pixel data 
input signal c reaches a low level. By means of this positional information and recording speed 
signal 14, cooling constant table 23, ohmic value correction table 18, and heating level table 19 are 
also established, and it is possible to compute estimates in regard to the 1 st pixel. Thereafter, these 
computations are repeated until completion of the 0 th line. Upon completion of the 0 th line, pixel 
counter 22 shows the number of pixels in the line minus 1, and heating/cooling line buffer 28 stores 
the heating/cooling values computed from (r-l)/2 to the value from pixel counter 22 + (r-1 )/2. 

When heating/cooling computations for the 0 th line are completed, crosstalk computations 
begin. Commencement of crosstalk computation is accompanied by the initial rise of crosstalk 
computation signal r; address counter 30 and reference pixel counter 33 are reset by crosstalk 
setting signal s. Reference pixel number counter 33 is initially set to the reference pixel number, r-1. 
Prior to the initial rise of basic clock signal g, accumulator 41 is placed in reset mode by crosstalk 
initializing signal t, and reset by input of basic clock signal g. Meanwhile, heating/cooling line 
buffer 28 is designated as an address by buffer address selector 38, and weighted coefficient table 
39 is designated by reference pixel counter 33. Buffer address selector 38 makes its selections under 
the following conditions. The maximum address value is the value obtained by adding the value 
from pixel counter 22 and the value from reference pixel number switch 32; [i.e.,] the value from 
pixel counter 22 is (r-l)/2. The minimum address value is the value from the reference pixel number 
switch 32, which is (r-l)/2. The selected address value is the value obtained by adding the values 
from address counter 30 and reference pixel counter 33, which is r-1. Usually, the value from pixel 
counter 22, that is, the number of pixels in a single line minus 1, is larger than (r-l)/2, so that buffer 



address selector 38 selects the selected address value, and designates heating/cooling line buffer 28 
as the address. As a result, the value output by heating/cooling line buffer 28 is ATt l,r-l. 
Therefore, the value output from weighted coefficient table 39 by means of reference pixel counter 
33 is Wr-1. ATh l,r-l and Wr-1 are multiplied by multiplier 40 upon the next initial rise of the basic 
clock signal g, and accumulated in accumulator 41. Accumulated values are stored in crosstalk line 
buffer 42, as designated by address counter 30, and their value is expressed by Equation 5. 

AT10,0 = ATn t0 ,r-i B W M (5) 
Next, when address clock signal u is input, address counter 30 is incremented, and buffer address 
selector 38 designates heating/cooling line buffer 28 as the address. Accumulator 41 is reset by 
crosstalk initializing signal t, and then multiplies, accumulates and computes ATt 0,r according to 
Equation (6) and the data from heating/cooling line buffer 28. 

ATI 0,1 = ATtO,r El W r ., (6) 
Thereafter, these operations are repeated until [the values of] address counter 30 and pixel counter 
22 are equal. When both counters coincide, comparator 31 outputs reference pixel position address 
signal v, [which] decrements reference pixel counter 33 and resets address counter 30. Before the 
next initial rise of basic clock signal g, with crosstalk initializing signal t at a low level, the data 
from crosstalk line buffer 42 as designated by address counter 30, ATI 0,0, is loaded into 
accumulator 41. Meanwhile, heating/cooling line buffer 28 is designated as an address by buffer 
address selector 38, and weighted coefficient table 39 is designated by reference pixel counter 33. 
Buffer address selector 38 makes its selection under the following conditions. The maximum 
address value is the value obtained by adding the value from pixel counter 22 and the value from 
reference pixel number switch 32, which is the value from pixel counter 22 + (r-l)/2. The minimum 
address value is the value from the reference pixel number switch 32, which is (r-l)/2. The selected 
address value is the value obtained by adding the value from address counter 30 and the value from 
reference pixel counter 33, which is r-2. Usually, the value from pixel counter 22, that is, the 
number of pixels in a single line minus 1, is larger than (r-l)/2, so that buffer address selector 38 
selects the selected address value, and designates heating/cooling line buffer 28 as the address. As a 
result, the value output by heating/cooling line buffer 28 is ATt 0,r-2. Therefore, the value output 
from weighted coefficient table 39 by means of reference pixel counter 33 is Wr-2. ATt 0,r-2 and 
Wr-2 are multiplied by multiplier 40 upon the next initial rise of the basic clock signal g, and 
accumulated in accumulator 41. Accumulated values are stored in crosstalk line buffer 42, as 
designated by address counter 30, and Equation (7) shows accumulated ATI 0,0 as loaded from 
crosstalk line buffer 42. 

ATI 0,0 = ATt 0, r-2 H Wr-2 +ATI 0,0 (7) 
Next, when address clock signal u is input, address counter 30 is incremented, and buffer address 
selector 38 designates heating/cooling line buffer 28 as the address. Accumulator 41 is reset by 
crosstalk initializing signal t, and then multiplies, accumulates and computes ATt 0,r-l according to 
Equation (8) the data from heating/cooling line buffer 28. 

ATI 0,1 = ATt 0,r-l H Wr-2 +AT1 0,0 (8) 
This series of operations is repeated until reference pixel counter 33 reaches 0, but if the reference 
pixel counter 33 is < (r-l)/2-l, buffer address selector 38 selects the minimum address value. For 
example, if the reference pixel counter 33 is (M)/2-l, the selection conditions are as follows. The 
maximum address value is the value from pixel counter 22 + (r-l)/2, and the minimum value is (r- 
l)/2 of [the value from] reference pixel number counter 32 [sic, should be 33]. The selected address 
value is the value obtained by adding the value from pixel counter 22 and the value from reference 
pixel number switch 32, which is (r-1 )/2. When the selected address value is < the minimum 
address value, the buffer address selector 38 selects the minimum address value, designating 
heating/cooling line buffer 28 as the address. This is because when crosstalk is computed at pixel 



positions within (r-l)/2 from either edge of the thermal head, [pixels are] physically not present in a 
portion of the r pixel positions adjoining the pixel positions scrutinized. In this case, computation 
results are per Equation (9). 

ATI 0,0 = AT tror(M)/2 H W (r _ t)/2 _) 

+ ATI 0,0 (9) 
Reference pixel counter 33 is incremented to 0 and the value of the leading address of crosstalk line 
buffer 42 when comparator 31 outputs reference pixel position address signal v is expressed by 
Equation (10) 

ATI 0,0 = AT, or(r . iy2 B W 0 + - 

+ AT, or(r-1)/2 El W( r _])/ 2 -i 
+ AT, or(r-l)/2 H W( r _iy2 

+ AT, or(M)/2 a W (M) -(10) 
These are the results of crosstalk computation. However, this value is with respect to heat slinger 
temperature. Therefore, for this value, heat slinger temperature value Ta 0,0 for the 0 th pixel position 
immediately prior to commencement of recording, which is stored in heat slinger temperature line 
buffer 16, is computed by adder 43. The result of this computation is the estimated temperature after 
the recording of the 0 th line, 0 th pixel, which the computation was intended to determine. The 
estimated temperature is temporarily stored in register 44, and estimated temperature line buffer 17 
is updated to Ta 0,0 + ATI 0,0 via multiplexer 46. Thereby, Ta 0,0 + ATI 0,0 is taken to be Tp. 
Similarly, all pixel positions in the 0 th line are updated. Then the values computed as estimates are 
forwarded to pulse width table 9 in Figure 2, and pulse width is output to thermal head driver 8 in 
accordance with this. 

In Figure 5 as well, which begins from the 1 st line, at which computation of the estimate 
commences, if line signal a only is on a high level, heat slinger temperature data signal rises to a 
high level upon completion of heat slinger measurement, and thereby gradation number signal 13, 
recording speed signal 14, and heat slinger temperature data signal 15 are input. As a result, the 
temperature of the thermal head's heat slinger is recorded in heat slinger temperature line buffer 16 
recording start time. Next, when pixel data input signal c reaches a low level, it causes pixel counter 
22 to be reset, and the estimated position of the 0 th pixel of thermal head 7 is output. By means of 
this positional information and recording speed signal 14, cooling constant table 23, ohmic value 
correction table 18, and heating level table 19 are also established; estimated temperature line buffer 
17 has already been updated, and it is possible to compute estimates in regard to the 0 th pixel. If 
standards for computing estimates are established, heat slinger temperature sensor signal b will 
reach a high level synchronously with the initial rise of basic clock signal g. When heating/cooling 
estimate computation signal f reaches a high level, heating/cooling reset signal h and 
heating/cooling multiplexer control signal i are generated. Heating/cooling reset signal h resets 
accumulator 27. Heating/cooling multiplexer control signal i inputs into multiplier 26 the heating 
level from heating level table 19 and the output coefficient = 1 from cooling constant table 23, 
which are required for computation of the heating level for the output of multiplexers 24 and 25 at 
the 0 th pixel of the 1 st line. Multiplier 26 integrates heating/cooling multiplexer data signals m and n, 
which are the output of multiplexers 24 and 25, at the initial rise of basic clock signal g. Its 
multiplication results ATn 1,0 are accumulated in accumulator 27, and at the initial rise of basic 
clock signal g, are expressed as heating/cooling line buffer data signal x. Note that prior to this 
initial rise, heating/cooling multiplexer control signal i inputs into multiplier 26 the temperature 
difference between estimated temperature line buffer 17 and heat slinger temperature line buffer 16 
as subtracted by subtracter 20 and the output of cooling constant table 23, which are required for 
computation of the cooling level of multiplexers 24 and 25 at the 0 ,h pixel of the 1 st line. That is, 
output of computational results as to heating level and retrieval of data for computation of cooling 



level are timed to be executed simultaneously. In other words, multiplier 26 multiplies the 
difference between the temperature Tp 0 5 0 estimated immediately prior to recording of the 0 th pixel 
of the 1 st line and the heat slinger temperature Ta 1,0 by a value from the cooling constant table 23. 
As a result of computation, a heating level of ATh 1,0 is [shown to be] accumulated in accumulator 
27, and this is the heating/cooling aggregate from the start of recording to immediately after 
recording of the 0 th pixel of the 1 st line; it is accumulator output data at the initial rise of the basic 
clock signal g. In Figure 5, the heating/cooling aggregate with respect to the heat slinger 
temperature is taken to be ATt 1,0. The computational results are expressed as heating/cooling line 
buffer data signal x at the initial rise of basic clock signal g. This heating/cooling line buffer data 
signal x is stored in (r-l)/2 of heating/cooling line buffer 28, as designated by buffer address 
selector 38. Next, when pixel data input signal c reaches a high level, it causes gradation number 
signal 13 and recording speed signal 14 to be input. Then, when pixel data input signal c reaches a 
low level, it causes pixel counter 22 to count [pixels], and updates the estimated position of the 
thermal head. By means of this positional information and recording speed signal 14, cooling 
constant table 23, ohmic value correction table 18, and heating level table 19 are also established, 
and it is possible to compute estimates in regard to the 1 st pixel. Thereafter, these computations are 
repeated until completion of the 1st line. Upon completion of the 1st line, pixel counter 22 shows 
the number of pixels in the line minus 1, and heating/cooling line buffer 28 stores the 
heating/cooling values computed from (r- 1 )/2 to the value from pixel counter 22 + (r-l)/2. 

When all of the 1 st line heating/cooling computations have been completed, crosstalk 
computations on the 0 th line are carried out in the same one, and the results of Equation (11) are 
obtained. 

ATI 1,0 = AT t lr(r.l)/2 H W 0 + - 

+ AT t lr( r -l)/2 Gl W( r .|y 2 -| 
+ AT t lr( r -])/2 El W (r _t)/ 2 

+ AT tIr(My2 B W (M) (11) 
For this value, heat slinger temperature value Ta 1,0 for the 0 th pixel position immediately prior to 
commencement of recording, which is stored in heat slinger temperature line buffer 16, is computed 
by adder 43. The result of this computation is the estimated temperature after the recording of the 
1st line, 0 th pixel, which the computation was intended to determine. The estimated temperature is 
temporarily stored in register 44, and estimated temperature line buffer 17 is updated to Ta 1,0 + 
ATI 1,0 via multiplexer 46. Thereby, Ta 1,0 + ATI 1,0 is taken to be Tp. Similarly, all pixel positions 
in the 1 st line are updated. 

Thereafter, estimates are computed for all lines, repeating these computations until the last 
line is completed. 

<Effect of the Invention> 

As described above, the subject invention makes it possible to correct for changes in heat 
storage in the thermal head's heat slinger, or for the thermal head's ambient temperature during the 
recording period, and enables heat storage phenomena to be used more effectively in thermography. 

4. Brief description of the drawings 
Figure 1 illustrates the principles of the subject invention. 
Figure 2 is a block diagram showing an embodiment of the subject invention. 
Figure 3 is a detailed block drawing of the temperature estimating part in the subject invention. 
Figures 4 and 5 are time charts of an embodiment of the subject invention. 
Figure 6 is a structural drawing of a thermal head. 
Figure 7 is an illustration of prior art. 



(Explanation of code) 

1 : Surface temperature curve 2: Substrate temperature curve 

3: Heat slinger temperature curve 6: Temperature estimating part 

7: Thermal head 

8: Thermal head driver 

9: Pulse width table 

10: Thermistor 1 1 : Temperature detector 

12: Thermal head control part 
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[Figure 1, Japanese text only; same below:] 
[Vertical axis:] Temperature 
[Horizontal axis:] Time 



1 : Surface temperature of heat-generating resistors 
2: Substrate temperature 
3. Heat slinger temperature 



Illustration of the principles of the subject invention 
Figure 1 
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[Figure 2:] 

6: temperature estimating part 
12: thermal head control part 
9: pulse width table 
8: thermal head driver 
1 1 : temperature detector 
7: thermal head 
10: thermistor 

A block diagram showing an embodiment of the subject invention 

Figure 2 



[Figure 6:] 

Protective layer Heat-generating resistor 50 

Lead line Glaze layer 5 1 

Substrate 52 
Heat slinger 53 

Structural drawing of a thermal head 
Figure 6 



[Figure 7:] 
[Vertical axis:] Temperature 
[Horizontal axis:] Time 

When there is an increase in heat slinger temperature 

When there is no increase in heat slinger temperature 

Illustration of prior art 
Figure 7 



[Figure 3:] 

17: estimated temperature line buffer 
16: heat slinger temperature line buffer 
Signal 15 

19: heating level table 

Signal 13 

Signal 14 

26: multiplier 

27: accumulator 

28: heating/cooling line buffer 

40: multiplier 



41 : accumulator 

42: crosstalk line buffer 

43: adder 

44: register 

1 8: ohmic value correction table 

20: subtracter 

22: pixel counter 

23: cooling constant table 

38: buffer address selector 

3 1 : comparator 

34: adder 

29: address clock 

30: address counter 

35: adder 

39: weighted coefficient table 
32: reference pixel number switch 
33: reference pixel number counter 

Detailed block drawing of the temperature estimating part in the subject invention 

Figure 3 



Figure 4: 
Figure 5: 



Embodiment time chart (No. 1 ) 
Embodiment time chart (No. 2) 
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